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>3mlﬁﬁ>2 NATIONAL STANDARD Z136.1-19%6

considerations may apply for multiple exposures
(sec 8.2.2.1).

8.22 Exposere Duration. For a single-pulse
laser, the exposure duration is equal to the pulse
duration, ¢, defined at its half-power points. For
s cw visible (400 to 700 nm) laser, the exposure
duration is the maximum time of anticipated
direct exposure, T ey If purposefu) staring into
the beam is not intended or anticipated, then the
aversion response time, 0.25 s, may be used.

For non-visible wavelengths {iess than 400 nm or
greater than 700 nm), the cw exposure duration is
the maximum time of anticipated direct exposure,
T ows- For the hazard evaluation of retina)
exposures in the near-infrared (700 10 1400 am),
a maximum exposure duration of 10 s provides an
adequate hazard criterion for cither unintended or
purpaseful staring conditions. In this case, cye
movements will provide a natural exposure
limitation climinating the need for exposure
durations greater than 10 s, except for unusual
conditions. In special applications, such as
medical instrumentation, even longer exposure
durations may apply.

For repetitively pulsed lasers, the total exposure
duration, T, of the train of pulses must be
determined. This duratica is detormined in the
same mauner as is used for cw laser exposures.
The method for determining the MPEs for
repetitively pulsed laser exposures is given in
8.2.2.1 and 8.2.2.2. For pulse widths less than
1 ns, see Note in Section 8.

8.2.2.1 Repeated Exposures, Ultruviclet (315
to 400 am) — Special Censiderations. For
repeated exposures, the exposure dose is additive
over a 24-hour period, regardless of the repetition
rate. The MPE for any 24-hour period should be
reduced by a factor of 2.5 times relative to the
single-pulse MPE if exposures on succeeding days
arc expected.

8.22.2 Repeated Expasuren, Visible (400 ¢
7600 nm) and Infrared (>700 sm). Both scanned
cw lasers and repetitively pulsed lasers can
produce repetitively pulsed exposure conditions.
The MPE per pulse for repetitively pulsed
intraboam viewing is a4 times the MPE for a
single pulse exposure where a is the aumber of
pulses found from the product of the prf and the
exposure duration (7) as defined in 8.2.2. (See
Figure 12 for a graphical representation of n~'4.)
This MPE applies to all wavelengths greater than
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700 nm (thermal injury). For wavelengths less
than 700 am, the MPE as calculsated on the basis
of n™'% glso must not exceed the MPE calculated

for m soconds when af is greater than 10 5.

For pulse repetition frequencies greater than
15 kHz, the average irradiance or radiant

exposure (radiance or integrated radiance) of the
pulse train shall not exceed the MPE (a3 given in

8.2) for a single pulse equal in duration to the
pulse train duration, T.

For wavelengths between 400 and 700 nm, the

aversion respomse time, 0.25 3, may be used unless

purposcful staring into the beam is intended or
anticipated. For waveleagths greater than

700 nm, 10 s may be used as the exposure
durstion usless purposeful staring into the beam
is intended or anticipated.

$.3 MPE for Exicnded-Sowrce Viewing. MPE

values for acular exposure to extended sources for

single pulses or exposures are given in Table 6.
All values ars specified at the cornea. (See 8.5

for special qualifications and use; sec also Figs. S,
6. and 7) For muitiple pulse lasers or exposures,

the MPE b decermined using the exposure time of

the pulse train duration, 7.

8.4 MPE for Skis Expeswre to 3 Laser Beam.

MPE valucs for skia exposure to a lassr beam are
given in Table 7. These levels are for worst-case

conditions and are based on the bast available
information.

$4.1 MPE for Skin, Repented Exposures For

repetitive-pulsed lascrs the MPEs for skin

exposure are applied as follows: Exposure of the

skin shall not exceed the MPE based upon a

single-pulse exposure, and the average irradiance

of the pulse train shall not exceed the MPE
applicable for the total pulse train, duration 7.
(Soe 8.5 for special qualifications and uses.)

exposed skin areas exceeding 1000 cm?, the MPE

is 10 mW/cm?.
L~ e

8.5 Special Qualiications ~ Infrared. Available

dats is sot sufficient to define waveleagth
ootrections relative 1 1.06 um over the catire
- 7 infrared rafge (1.4 pm to | mm). At 1.54 pm,

$.42 Wavieagths Grouter than 1.4 pm. For
beam cross-soctional areas between 100 cm? and
1000 c?, the MPE for exposure durations
exceoding 10 s is 10,000/4, mW/cm?, where A,
is the area of the expased skin in cm®. For
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(S) Gases of different categories (1oxics, Como-
sives, flammable, oxidizers, inerts, high pressure, and
cryogenics) not stored separaiely in accordance with
OSHA and Compressed Gas Association requirc:
monts. .

8 Laser Dyes. Laser dyes arc complex fluorescent
‘organic compounds which, when in solution with cer-

. tain solvents, form a lasing medium for dye Insers.

Certain dyes arc highly toxic or carcinogenic. Since
these Jyr< foearentiy. negd 30 he chaneed. soecial care
and operating dye lasors. A MSDS for dye com-
pounds shall be available 1o all appropriste workers.

The use of dimethylsulfoxide (DMSO) as a molvent
for cysnine dyes in dye lasers should be discontinued
if possible. DMSO aids in the wanspost of dyes into
the skin. If another solvent cannot be found, low per-
meability gloves should be wom by personncl any
time a simation arises whexe contact with the salvent

. may occur.

Dye lasers comiaining st lcast 100 . milliliecrs of
flammable liquids. shall be in conformance with the
provisions of the NFPA (NFPA 30, 45, and 99).and
the NEC (Article-S00 - Hazardous (classified) Locs-
tions).

79 Mechanical Hazards Associated with Robot-

- i In many industrial spplications Issers are

employed in copjunction with robots. In these situa-
tions, the mechanical safety of the robot instaliation
must be carefully considered.

A mumber of accidents have occurred where & worker
has beea pinned between a robot and 3 confining
object ("pinch effect™). The LSO should ensure that
spproaches to prevent these types of accidents are in
place. These approaches may include the use of sur-
face interlock mats, interlocked light curtsins, or
wﬂnﬂ:nﬂhm'lbmm
conform 10 recommendations contained in the docu-
ment ANSI/RIA R15.06-1986 Standard for indus-
trial Robots and Robot Sysiems-Safety Requirements
or latest revision thereof.

7.10 Noise. Noise levels from certain lasess, such as
excimer lasexs, may be of such intensity that aoise

__cxposyre duration. Lig
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7.11 Waste Disposal. Proper waste disposal of con-
taminated laser-related material, such as flue and
smoke filters, organic dyes, and solvemt solutions
shall be handied in conformance with appropriate
lacal, state, and faderal guidelines.

7.12 Confining Space. In many laser system instal-
lations, space is at 2 minimum. Confining space can
be a problom when working asound high voliage
oquipment (sec the National Elecrric Code, Section
110-16). There must be sufficient room for personne!
compounded when more than one type of laser is
being operated at the smne time. Whenever lasers or
laser sysiems are used in confining space, local
exhsust, mechanical ventilation and respiraxxy pro-
tection shall be used if LGAC's are pfesent.

7.13 Ergenomics. Ergonomic problems can exist in
certain lnser oporations that can cause upique arm,
hand, and wrist devistions. If such repetitive devia-
tichs occur for long periods of time medical problems
siich as carpal tunnel syndrome can arise. The LSO
should be aware of this problom and become familiar
with appropriate ustr control measures.

( 8. Criteria for Exposares of Eye and Skin

below knows hazardous Jevels. Exposure 1o levels at
the MPE valucs given may be uncomfortable 10 view

or foel upon the skin, Thus, & @ good praciice ©
Tum%'!mhsmmum
values as is practicable. .

A Emiting aperusre shall be used for measarements or

calculations with all MPE values. This limiting aper-
ture is required, because the MPE has been expressed
(normalined) relative to the limiting aperture ares.
The limiting aperume is the maximom circular area
over which iradiance and radiant exposure can be
averaged (soe Sections 3 and 9 for sclection and
application of the sppropriste aperture), .

The irradiance values for the MPEs in Table 5 can be
obtained by dividing the radiamt exposure by the
scconds. Values for the
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To Kinkos Fax: (202) 333-7433  Tel; (202) 965-1414

From David Fichtenberg: (206) 722-8306 Seattle, Washington Fax: same
October 8, 1996

PART WY The following is the first part of a job to be done. [Do same for each part which
will be sént today]
Please prepare:

1. 16 copies of the enclosed
2. Using a regular pencil put a round "O" in the upper right hand comer to dosignate the original.
3. Put rubber bands lengthwise and width wise around the original and 14 copies, original on top,

4. Put aside the onc copy to be used to be stamped received and returned to come back to you -
called the "comeback” copy .

5. Goto 1919 M Street Room 222 - the Office of the Secretary. Leave plenty of time. Doors
close at 5:15. Please get there by 4:00 if possible.

6. When you arrive at the Secretary's office.
- State you arc acting as a courier.

- Ask that the '16th' copy (the Comeback copy) be stamped recieved

7. Pleasc mail me a copy of the Kinkos receipt, the comeback copy of the motion and the comback
copy of the petition.
Mail to; David Fichtenberg

PO Box 7577

Olympia, WA 98507-7577

Thank you very much,



Analysis of Partial Body Method and Why It Should Be Rejected

by David Fichtenberg

Reject the relaxation of power density limits for partial body exposure, it is expected to
make people feel very warm or heot, is incompatible with the standard with which it claims
compatiblility, and is based on faulty logic, and a dangerous heating of the brain may

occur,

(1) There is no compatibility between the proposed relaxation of power density limits for partial
body exposure with the standard for "Safe Use of Lasers* [ANSI Z136.1-1986] applicable for
shorter waves above those of radio-frequency-and which IEEE 1991 claims compatibility.

For example, the ANSI Z136.1-1986 states,

"For exposed skin arcas exceeding 1000 sq centimeters (about 1 sq. foot) the MPE
(maximum permissible exposure) is 10 mW per sq. om. (10 1/1000ths of a watt of power per sq.
centimeter).” [Section 8.4.2, pg. 28]

In contrast, IEEE 1991does not have this limit for partial body exposures, but allows a partial
body exposure for the general population that is up to 200% of the *laser” standard, while for the
higher ticr associated with occupational exposure IEEE 1991 has a partial body exposure that is
up to 400 % the above laser standard.. As a consequence of IEEE 1991 exceeding this laser
standard' IEEE can be expected to make people in the general population and the workplace feel

very warm or hot.

Given that IEEE 1991 explicitly referenced this Safe Use For Laser standard in justifying its
whole body exposure limit, it is unclear why IEEE 1991 then chose to violate this standard and
allow up to 4 fold higher exposuras than the Safe Use of Laser standard allows. The science
based rationale for this is very unclear.
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(2) Also, this partial body exclusion relaxation method shoud be rejected because it is based on
faulty logic. It is known that some parts of the body if irradiated from 2 certain position may
absorb 20 times more power than the average for the body. Accordingly, if power levels are
increased by 20 fold, and if just that part of the body is irradiated and the rest of the body blocked
by protective clothing so that it maintains the same contour, (and there is not a major contribution
of heating due to induced currents from other parts of the body), then the amount absorbed in that
part of the body will be about 20 fold higher than before.

For example, Gandhi et al (1992) computes specific absorption rates (SARs) for the body, by
estimating the SARSs in individual cubes of 1.3 cm per side, which will be about 1 gram of tissue.
Sce Exhibit  for an output showing the SARs when from a firr distance the body was irradiated
from the front at 915 MHz with a power density of 1 mW/sq. cm. Gandhi found that many cells
of tissue by the front of the chest were over 0.6 W/kg gives SAR in mW/kg, so 0.6 W/kg = 600
mW/kg). For example in the first row of cells by the front 5 cells exceed 600 mW/kg (0.6 W/kg).
It is casily seens that since the irradiation was from the front it is mainly tissue in the front that has
high values of SAR (since 915 MHz does not penetrate more than one to two inches into the
body). While some of the SAR may be due to induced currents from other parts of the body,
because the chest is so wide, practically all of the SAR value is due to the direct irradiation.
Now, according to Table 3 of IEEE 1991 for Relaxations of Partial Body Exposures, for the more
restrictive tier the power allowed is 4 mW/sq. cm. Since the output from Gandhi was based on
lmWIsq.cm,mpmﬂictwhatitwinbeblsedon4mW/sq.cmitisfoundﬂut:

4 mW/sq cm x 0.6 W/kg (SAR at 1 mW/kg) =2.4 W/kg. But for the chest tissue, the basic
provision of the standard is that tissue should not have an SAR greater than 1.6 W/kg. Hence,
using the method offcred in IEEE 1991 will in this example result in & 50% excess SAR over that
of the basic protection of the standard. Likewise, even greater excesses can occur. One cell in
the figure (the cell is circled) has an SAR = 829 mW/kg or 0.829 W/kg. If a power density of 4

mW/kg is applied then the SAR = 3.3 W/kg which is over 200% of the allowed 1.6 W/kg. Hence,

~
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the method proposed in 4.4 apparently does not always apply. It should be rejectod and the FCC
should not adopt this provision. |

Indeed, even the basic logic for the IEEE method scems unusual. Since, in general, tissue closest
to the incomming radiation can often be expected to have SARs much higher than the average
SAR for the body (as in the above example), it soems quite unusual to suggest that if just a part of
the body is irradiated then exposures can ‘automatically’ be 4 times to 20 times higher. It may be
that the entire approach needs to be ro-thought. ’

Incidently, that no documentation is given for the methods used to derive these limits is an
important deficiency, especially since it appears the method does not work. This entire section
should be rejected by the FCC and rely on current FCC rules which provide for & case by case
review to detesmine if basic protections are maintained.

O.P.Gandhi, "Specific Absoption Rates and Induced Current Distributions In An Anatomically
Based Human Model For Plane Wave Exposures", Health Physics, 1992, page 281
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